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stretched out over the entire length of the lightning path.' In the first case, the energy is confined to a single shell; in the second, it is diffused through an extensive volume. It is these differences in the concentration and the conservation of the energy that cause the cannon to be heard much farther than the heaviest thunder, even though the latter, almost certainly, produces much the greater total atmospheric disturbance.
The Ceraunograph.—Various instruments, based upon the principles of "wireless77 receivers and known as ceraunographs, have been devised for recording the occurrence of lightning discharges, whether close by, or so far away as to be invisible and their thunder unheard. Of course, the sensitiveness of the instrument, the distance, and the magnitude of the discharge, all are factors that affect the record, but, by keeping the sensitiveness constant, or nearly so, it is possible, with an instrument of this kind, to estimate the approximate distance, progress, and, to a large extent, even the direction and intensity of the storm. Nevertheless, there does not appear to be much demand for this information, and, therefore, at present, the ceraunograph is but sparingly used.
Chemical Effects.—As is well known, oxides of nitrogen and even what might be termed the oxide of oxygen, or ozone, are produced along the path of an electric spark in the laboratory. Therefore, one might expect an abundant formation, during a thunderstorm, of these same compounds. And this is exactly what does occur, as observation conclusively shows. It seems probable, too, that some ammonia must also be formed in this way, -the hydrogen being supplied by the decomposition of raindrops and water vapor.
In the presence of water or water vapor, these several compounds undergo important changes or combinations. The nitrogen peroxide /most stable of the oxides of nitrogen) combines with water to produce both nitric and nitrous acids; the ozone with water gives hydrogen peroxide and sets free oxygen; and the ammonia in the main merely dissolves, but, probably, also, to some extent forms caustic ammonia.
Symbolically the reactions seem to be as follows:
2N02 + H20 = HN03 + HN02 08 + H20 - H202 + 02 NH3 + H2O = NH4OH
The ammonia and, also, both the acids through the production of soluble salts are valuable fertilizers. Hence, wherever the thunderstorm is frequent and severe, especially, therefore, within the tropics, the chemical actions of the lightning may materially add, as has recently been shown,1 to the fertility of the soil and the growth of crops.
Explosive Effects.—As already explained, the excessive and abrupt heating, caused by the lightning current, explosively and greatly expands
1 CAPUS,   GUILLAUME, Ann. Geographic, 23; 109, 1914.

